Uniform cardiac pump function requires well-coordinated myocardial heterogeneity at the cellular level. This insight was eloquently presented some 15 years ago by Katz and Katz [9] , who likened the serial and parallel summation of mechanical activity in various regions of cardiac muscle to the combined action of oarsmen on ancient Greek triremes. These battleships were powered by 170 men, placed in three tiers along both sides of the ship. In order to synchronise mechanical action and to achieve optimal propulsion, their rowing gear was ingeniously fine-tuned to match positional requirements from bow to stern (a kind of dbase-apex gradientT) and between rows (dtrans-mural gradientT).
Indeed, recent research has confirmed the existence of complex regional differences in electro-mechanical cell properties in healthy ventricle [2] , and highlighted pronounced alterations of this heterogeneity in pathological states [12] . Thus, in normal heart, the time-to-peak of contraction decreases from endocardium to epicardium which, in the presence of a corresponding delay in transmural activation timing, supports synchronised peak force development of the tissue as a whole [6] . Mechanical heterogeneity in ventricular cardiomyocyte properties is accompanied by differences in calcium handling, metabolic activity, electrophysiology, cell coupling and structure. In their combination, these physiological heterogeneities support uniform electro-mechanical activity of the heart. Any mal-adaptation-whether an increase or, indeed, a decrease-in this well-orchestrated heterogeneity is likely to render ventricular performance less efficient [11] .
In the much more thin-walled atria, transmural gradients may be of less significance. Still, there are pronounced differences in regional tissue architecture (compare atrial free wall with Crista terminalis or auricular tissue), function (from sino-atrial node pacemaking to atrial working myocardium and atrio-ventricular conduction pathways) and coupling of both myocytes and connective tissue cells [3, 15] . With the exception of specialised structures such as pacemaker tissue or conduction pathways, electrophysiological heterogeneity of atrial cardiomyocytes is predominantly studied in the context of pathological states, chiefly atrial fibrillation (AF).
AF is the most common arrhythmia in man and therefore of great clinical importance. Both the triggers and the sustaining mechanisms of atrial arrhythmias are the subject of intensive research. The crucial role of tissue remodelling in the domestication of atrial arrhythmias has been elegantly summarised by Allessie's group in the dictum dAF begets AFT [16] . Pro-arrhythmic remodelling involves electrical, mechanical, and structural changes in atrial myocardium (Fig. 1, [1] ). A thorough understanding of atrial remodelling pathways would be highly desirable, as it could guide the design of therapeutic interventions for the disruption of arrhythmia-sustaining feedback loops.
The identification of viable electrophysiological drug targets has been difficult [4] , primarily because of the complexity and inter-dependence of mechanisms underlying atrial electrophysiology and remodelling, as recently reviewed by Dobrev and Ravens [7] . AF affects the expression and/or activity of a multitude of atrial ion channels, including connexin distribution. The extent and direction of AF-induced changes in ion handling proteins show some variation, although a reduction in channel expression appears to dominate (with L-type calcium channel down-regulation believed to play a pivotal role; Fig. 1 ). The link between ion channel expression and function is, however, not straightforward, and it appears that phosphorylation-dependent channel regulation can be altered in AF independently of expression levels [5] . The paper by Zorn-Pauly et al. [17] in this issue of Cardiovascular Research provides a further piece of the atrial electrophysiology puzzle: functional confirmation of the presence of hyperpolarisation-activated inward current, i f , in the left atrium of human heart. This extends the previous characterisation of i f in human right atrial preparations [8, 13] . It also highlights the presence of regional differences in i f expression, as left (and right) atrial appendage cells appear to exhibit more i f than those from the left atrial wall.
While both atria can be the site of premature complexes and initiation of spontaneous AF in man [14] , the left atrium is understood to often play a key role in the initiation and maintenance of atrial arrhythmias. The presence of i f in this area could contribute to ectopic automaticity. Mathematical modelling by Zorn-Pauly et al. suggests that the experimentally observed i f levels may well be sufficient to spontaneously trigger repetitive action potentials in left atrial myocytes, in particular if this were to coincide with a down-regulation in repolarising currents.
As is the case with virtually any new insight into complex and multi-factorial settings, the report by Zorn-Pauly et al. also exposes important open questions. Thus, it would be of interest to relate regional differences in i f expression to the prevailing heart rhythm of tissue donors (sinus rhythm/ paroxysmal AF/chronic AF)-a difficult task that could not be tackled in the present investigation for the relatively small patient numbers in each group. Furthermore, it would be desirable to relate i f in isolated cells to a detailed characterisation of overall cell electrophysiology, including repolarising currents, action potential activation threshold, and the presence of automaticity. This is, of course, quite a challenge, given the heterogeneity of patient populations from which tissue samples may be obtained (age, sex, disease history, medication), and the technical difficulty of isolating viable myocytes from the very small blocks of biopsied atrial tissue (usually a few hundred milligrams only).
The findings by Zorn-Pauly et al. provide a new glimpse into the diversity of human atrial electrophysiology. Further research is required (i) to ascertain whether regional heterogeneity in electrophysiological parameters is of physiological relevance in the atria (for example in the guise of shorter action potential durations of left vs. right atrium, as seen in normal canine heart [10] ); (ii) how electrophysiological remodelling of atrial heterogeneity may turn from a potentially compensatory response into an arrhythmogenic feedback loop; and (iii) how this process could be delayed and/or reversed in patients. Fig. 1 . Three positive feedback-loops, proposed to underlie AF-induced atrial remodeling. Down-regulation of L-type Ca 2+ channels is considered to be a primary cause for electrical and contractile remodeling. Electrical remodeling reduces wavelength, while contractile remodeling supports atrial dilatation which, in turn, augments structural remodeling. In their combination, all three pathways favour atrial arrhythmogenesis. APD: action potential duration; AFCl: AF cycle length; h: conduction velocity; WL: wave length. From Ref. [1] , with permission.
